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acknowledged though that these data do not reflect actual palliative care needs which are complex, individualized, and often unrelated to the actual diagnosis. [12] [13] [14] Nevertheless, these numbers could contribute to service planning and development.
This retrospective audit aims to provide the estimate of children who may benefit from palliative care by using the national hospital admission data. Our objectives are to use this data to (i) identify the proportion of children dying in hospitals who have life-limiting illnesses, (ii) identify the primary team caring for these children, and (iii) map out distribution of deaths from LLI in the various states across the country, matching them to current services. We hope this will help direct the development of PPC education and services.
Methodology
This is a retrospective audit of deaths among patients of 18 years old and below who were admitted to Ministry of Health Hospitals (MOH) in Malaysia between January 1, 2012 and December 31, 2014. The MOH's Informatics Centre keeps a database of all hospital admissions to MOH hospitals. From this database, the patients who had died who were 18 years old or less on admission were selected. The variables obtained were demographics, hospital location, admission diagnosis, underlying diagnosis, comorbidities, cause and date of death, admitting ward, admitting discipline, ward, and primary team at death. All the diagnoses were in the form of a written diagnosis and/or international statistical classification of diseases and related health problems -10 th Revision (ICD-10) codes. [15] Figure 1 illustrates the process of identifying children with life-limiting diagnoses. Both investigators looked at all the patients' diagnoses together. The ICD-10 codes that were immediately excluded were "Mental and Behavioral Disorders," "Pregnancy," "Childbirth and Puerperium," and "Injury and Poisoning" chapters.
Diagnoses in all four categories of each patient ("admitting diagnosis," "underlying diagnosis," "cause of death," "comorbidities") were looked at to ensure that a life-limiting diagnosis was not missed. The patients were selected if any one of these four categories had a life-limiting diagnosis according to the directory of LLI from Hain et al. [16, 17] Diagnoses that were not in the directory but considered to be life-limiting by both the investigators based on the ACT/RCPCH categories of life-limiting disease trajectories [18] were sent to members of the Malaysian PPC Reference Group (MyPPC) for their consensus. MyPPC is the only reference group in Malaysia represented by pediatricians leading PPC in Malaysia. When consensus could not be reached, consultants from the related specialties were consulted.
Descriptive analysis was used for demographic data, cross-tabulation analysis for categorical data, Mann-Whitney U-test to compare medians, and logistic regression models for identifying significant factors for deaths in the intensive care units. Analyses were performed with IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp. In this study, we have decided to analyze neonates separately as we feel this group of children have diagnoses and disease trajectories that are unique to them.
Ethical approval was obtained from the Medical Research and Ethics Committee (NMRR-14-320-19030).
Results

Life-limiting diagnoses of all patients
From the diagnoses of the entire cohort of patients, we identified 84 diagnoses not in Hain et al.'s directory of LLI but met the criteria based on the ACT/RCPCH definition. Members of MyPPC excluded "unspecified hydrocephalus (G91.9)." Pediatricians of the relevant specialties were consulted for six diagnoses. Following that, "hemophilia" (D66), "emphysema, unspecified" (J43.9), "ventricular septal defects" (Q21.0), "atrioventricular septal defects", (Q21.2) and "pulmonary infundibular stenosis" (Q24.3) were excluded, while rheumatoid arthritis (M05.3) was thought to be life-limiting given the potential systemic involvement of the illness. Hence, there were 78 diagnoses that were thought to be life-limiting but were not in Hain et al.'s directory of LLI [ Table 1 ].
Following this list of diagnoses, we identified 3958 (44.4%) patients who had a life-limiting illness; 2538 of whom had a diagnosis from Hain et al.'s directory.
All deaths from January 1, 2012 to December 31, 2014
There were 8907 deaths during the study period, and 42.3% were female. The vast majority (91.0%) were Malaysian citizens, and 51.1% were older than 28 days old (nonneonates). Over a third of deaths occurred on general pediatric wards [ Table 2 ].
Of the 3958 (44.4%) patients who had LLI, a large majority (63.9%) were neonates and neonatal intensive care units (ICU) or special care nurseries were the most common admission wards 46.4%. The distribution of the proportion of death of children with LLI was fairly constant throughout the different regions in Malaysia [ Figure 2 ].
Nonneonates with life-limiting illnesses
There were 4552 deaths of children older than 28 days, and 1427 (31.3%) of them had a LLI. The median age at terminal admission for children with LLI was 42 months (1-216 months). There is a statistically significant difference in the median age at terminal admission between children with LLI and children who do not have LLI, (P < 0.01) [ Table 3 ].
Majority, 456 (32.0%), of children had diagnoses from ICD-10 chapter of "Neoplasms" followed by 360 (25.2%) with diagnoses from ICD-10 chapter of "Congenital malformations, deformations, and chromosomal abnormalities." The majority Table 3 of those, who died from neoplasms, were young children beyond infancy and below 12 years of age while the majority of children with "Congenital malformations, deformations, and chromosomal abnormalities" died before their first birthday. Of all the nonneonates with LLI, 41.3% were of school-going age (6-18 years) [ Table 4 ].
: Comparison between age at admission of children with life-limiting illnesses and children who did not have a life-limiting illness collectively and comparison between age at admission and length of hospitalisation of children dying in the intensive care unit
While most of the terminal admissions were to the general pediatric ward, 951 (66.6%), 202 (14.2%) were admitted to nonpediatric wards [ Figure 3 ].
Deaths in the intensive care units
There were 1370 deaths in the intensive care wards and 419 (30.6%) were that of children with a LLI. The median age of children with life-limiting and non life-limiting illnesses was 17 months (1-216 months) and 35 months (1-215 months) (P < 0.01), respectively. The median length of stay was longer in children with LLI; 6 days (0-289 days) as compared to 3 days (0-381 days) in those who did not have a LLI, (P < 0.01) [ Table 3 ].
When adjusting for age, there is no statistically significant relationship between having an LLI with dying in the ICU [ Table 5 ].
Of all the children with a life-limiting diagnosis, the overall association between age and diagnostic categories with dying in ICU is statistically significant. When adjusting for age, children with "Congenital malformations, deformations, and chromosomal abnormalities" and "Diseases of the Cardiovascular System" were significantly less likely to die in the ICU as compared to children with "Neoplasms," (P ≤ 0.01) [ Table 5 ].
Neonates with life-limiting illnesses
There were a total of 4355 neonatal deaths with 2531 having a LLI. The most common ICD-10 diagnostic category was "Certain conditions originating in the perinatal period" and the most common diagnosis in this category was extreme prematurity <28 weeks [ Table 6 ].
Of those with LLI, the median age at admission was 0 days (0-28 days), and the median length of stay was 2 days (0-408 days). A large majority 2335 (92.2%) died within 24 h of admission. Majority were admitted to intensive care wards, 1752 (69.2%) to neonatal intensive care unit, and 21 (0.9%) to the pediatric intensive care unit. The median length of stay in the intensive care wards was 1 day (0-260 days). 
Primary teams responsible for patient's care
Although majority of patients were cared for by pediatricians, there were 802 (20.3%) who had physicians of various specialties as their primary healthcare providers.
dIscussIon
This study showed 44.4% of children who died in hospitals had a LLI and this is consistent with other hospital-based published studies. [7, 10] We believe this provides a reliable estimate as all contributing diagnoses were reviewed to identify life-limiting diagnoses. The common diagnostic categories for children in the nonneonatal age group are also similar to other published studies. [3, 6, 8] LLI are defined as illnesses where there is no reasonable chance of cure. However, opportunities for cure are determined by local context and resources. We have shown that subjective assessment of the diagnoses presented in this study uncovered additional life-limiting diagnoses that could expand the existing directory of LLI by Hain et al. [16, 17] We hope this study creates an awareness of the heterogeneity of diagnoses of children with palliative care needs. However, diagnoses alone will not accurately identify children's palliative care needs. It is essential that palliative care education emphasizes on identifying needs based on the impact of diseases on the patients and family rather than the diagnosis alone.
Our results show that some children with LLI die in nonpediatric wards. Hence, in planning a comprehensive national PPC service, training needs to include nonpediatricians. Children with life-limiting diagnoses were found distributed all across the age groups highlighting the need for palliative care providers to be competent in managing children at different developmental stages. A multidisciplinary approach, including social and education services, will be important.
Having LLI does not increase the likelihood of dying in intensive care; however, those who do have LLI have a longer hospital stay. There were also children transferred from general wards for intensive care during their terminal admissions [ Figure 3 ]. Addressing advanced care planning and end-of-life issues may have been able to prevent invasive life-sustaining interventions, thus allowing more opportunities for palliative care support. There is now increasing evidence that palliative care allows for better utilization of healthcare resources. [19] Keele et al. had demonstrated fewer invasive procedures and less admissions to the intensive care in patients with LLI receiving palliative care [20, 21] This is an important consideration for countries with limited resources, as in Malaysia.
Neonates were majority (63.9%) in this study with extreme prematurity being the most common diagnosis. This emphasizes the need for perinatal and neonatal palliative care services to develop concurrently with PPC services.
A large proportion (40.7%) of children who died with LLI was from two regions in Malaysia not known to have hospital-based consultative PPC services [ Figure 2 ]. The development of hospital-based services in the country has been driven by individuals and advocates leading to disparities between available services and numbers of children needing palliative care. Hence, national strategies are required to ensure equitable palliative care for children.
Limitations
This study looked at deaths in all MOH which represents the majority of hospitals in the country. There is no data from the private hospitals or from the university hospitals in the Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism 2 (0.1%) A00 -B99 Certain infectious and parasitic diseases 6 (0.2%) J00 -J99
Diseases of the respiratory system 4 (0.2%) R00 -R99
Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified 1 (0.0%) country. Hence, not all deaths in the country are represented in this study. However, the in-patient load in university hospitals is much smaller than that in the Ministry of Health hospitals. From the 2015 census, all three university hospitals recorded 14 575 in-patients as compared to 407 198 in-patients from MOH hospitals (personal communication, Dr. Raymond Warouw, 2016). Whereas we do not have figures for the private hospitals, we know from experience that most chronic and seriously ill children in Malaysia are seldom managed in private hospitals. The accuracy of ICD-10 diagnosis from the national dataset is dependent on the quality of collection at each hospital and cannot be verified by the authors.
conclusIon
Almost half of the children dying in hospitals in Malaysia have a LLI and potentially have palliative care needs. Current services are not distributed equitably in the country. We hope this study reinforces the need to integrate palliative care into the different pediatric subspecialties and the surgical-based specialties that manage children. Efforts to develop palliative care for children by policymakers, service providers, researchers, and advocates need to be coordinated to ensure needs of children with LLI throughout the country are met. Programs to develop PPC as a specialized field is timely, and should run concurrently with education and training of all nonpediatricians who care for children.
